In studies performed in our country etiologies of bowel obstruction are very diverse. Increase in intestinal adhesions encountered in socioeconomically developed regions is remarkable. Strangulated abdominal wall hernia is one of the frequent referrals to emergency services, and it is a predominant cause of intestinal obstruction in our country \[[@ref1]\]. In patients whose hernias are reduced spontaneously, elective surgery is recommended to be performed as soon as possible. Morbidity rates due to emergency surgery can be higher than those of the elective surgery. The most important complications of abdominal wall hernias can be considered as incarceration and strangulation \[[@ref1], [@ref2]\]. The safety and reliability of prosthetic mesh usage is still a debatable subject especially in patients who require bowel resection \[[@ref3]\]. The objective of our study is to analyse clinical outcomes of patients operated in our clinic with the indication of strangulated abdominal wall hernias.

MATERIALS AND METHODS {#sec1-2}
=====================

Patients who consulted to our clinic between January 2009, and November 2011, and operated urgently with the indication of abdominal wall hernia were retrospectively included in the study. Patients' data were obtained from hospital information system and patients' files. Demographic characteristics, types of hernias, contents of hernial sacs, hernia repair methods applied were recorded. The patients were categorized based on types of hernia as inguinal, femoral, umbilical, and incisional hernias. Surgical notes were examined in detail, and additional pathologies encountered during operation were evaluated. Additional interventions were examined in detail. Preoperative duration of complaints of strangulation, length of hospital stay, complications developed within postoperative one month, morbidities and mortalities were recorded, and affecting factors were examined. Patients whose medical files were not available, and patients with missing data were excluded from the study.

Statistical evaluation {#sec2-1}
----------------------

For statistical evaluation of the results obtained, NCSS (Number Cruncher Statistical System) 2007&PASS (Power Analysis and Sample Size), and 2008 Statistical Software (Utah, USA) programs were used. Descriptive statistics, means±standard deviations for continious variables, and numbers, and percentages for categorical data were used for analysis of study data. Parametric data with normal distribution were evaluated using t-test, and Anova. Kruskal-Wallis test was employed for intergroup comparisons of data without normal distribution. The group which demonstrated differences was determined by using Mann Whitney-U test. Chi-square test, and Fisher's exact test were used for the comparison of qualitative data. The results were evaluated within 95% confidence interval, and at a significance level of p\<0.05.

RESULTS {#sec1-3}
=======

During the study period, among a total of 1367 cases who had undergone elective abdominal wall hernia repairs, 102 (7.4%) patients had been operated urgently for strangulated abdominal wall hernias. Twenty-one patients were excluded from the study because of missing data. A total of 81 patients were included in the study. Study population consisted of 37 female, and 44 male patients, with a mean age of 52.1±17.64 (range, 20-92) years.

The patients had strangulated inguinal (n=40; 49, 4), umbilical (n=26; 32.1%), femoral (n=9; 11.1 5), and incisional (n=6; 7.4%) hernias ([Table 1](#T1){ref-type="table"}) In comparisons among types of hernias, differences between male, and female patients were detected, while any difference between age groups was not found (p=0.001, and 0.973, respectively). Especially in inguinal hernias male gender dominancy (male/female=4.7) was remarkable, while in other types of hernias female gender predominance was more frequently seen.

###### 

Some demographic details of the groups based on hernia types

                                                              Inguinal     Femoral     Umbilical   Incisional   p                                         
  ----------------------------------------------------------- ------------ ----------- ----------- ------------ ----------------------------------------- --
  Number of patients                                          40           9           26          6                                                      
  Male/female ratio                                           33/7         3/6         7/19        1/5          0.001^[\*](#t1f1){ref-type="table-fn"}^   
  Age: Mean±SD                                                51.3±18.07   52.4±26.2   52.5±15.6   54.8±9.9     ^[β](#t1f2){ref-type="table-fn"}^0.973    
   (range)                                                    (22-83)      (26-92)     (20-84)     (42-68)                                                
  Preoperative duration of complaints, median (range)         12 (4-36)    8 (4-12)    12 (4-24)   6.5 (5-9)    ^[γ](#t1f3){ref-type="table-fn"}^0.079    
  Postoperative hospital stay, days; median (range)           2 (1-7)      2 (1-3)     2 (1-6)     2 (1-2)      ^[γ](#t1f3){ref-type="table-fn"}^0.737    
  Bowel resection ^[\*\*](#t1f5){ref-type="table-fn"}^n (%)   7 (58.3)     2 (16.7)    2 (16.7)    1 (8.3)      ^[α](#t1f4){ref-type="table-fn"}^1.000    
  Surgical site infection n (%)                               4 (80)       1 (20)      0           0            ^[α](#t1f4){ref-type="table-fn"}^0.321    

p\<0.05; SD: Standard deviation;

Anova test;

Kruskal-Wallis test;

chi-square test;

Resection of small bowel, appendix, and Meckel's diverticulum was evaluated in combination.

Any difference was not detected between types of hernias as for the preoperative onset of complaints related to strangulation (p=0.079). A total of 31 (38.2%) patients had undergone various organ resections. Small bowel (n=10, 12.3%), and omentum (n=19; 23.4%) resections were performed. In one patient perforated appendix was detected in hernial sac which necessitated appendectomy (1.2%), and in another patient (1.2%) hernial sac contained Meckel's diverticulum which required diverticulectomy ([Table 2](#T2){ref-type="table"}). Median hospital stay was 2 (range, 1-7) days which did not differ among various types of hernias (p=0.737). When all patients who had undergone bowel resection (small bowel, appendix, and Meckel's diverticulum) were evaluated in combination (total n, 12; 14.8%), any difference between types of hernias was not found, while a significant difference was noted among patients' age, preoperative duration of complaints of strangulation, and length of postoperative hospital stay (p=1.000, 0.034, 0.001 and 0.001, respectively) ([Table 3](#T3){ref-type="table"}).

###### 

Additional interventions, and their details in diagnostic groups

  Hernia type        Strangulated organ/Additional intervention   n    \%     Contents of the hernial sac       
  ------------------ -------------------------------------------- ---- ------ --------------------------------- --
  Inguinal (n=40)    Small bowel/Resection                        6    15     Small bowel, sigmoid colon,       
                     Omentum/Resection                            6    15     caecum, tuba uterina, appendix,   
                     Meckel's Diverticulum/Resection              1    2.5    omentum, testis, epididymis       
  Femoral (n=9)      Small Bowel/Resection                        2    22.2   Small bowel, omentum              
  Umbilical (n=26)   Small Bowel/Resection                        2    7.6    Small bowel, omentum              
                     Omentum/Resection                            11   42.3                                     
  Incisional (n=6)   Omentum/Resection                            2    33.3   Omentum, appendix                 
                     Perforated Appendicitis/Appendectomy         1    16.6                                     

###### 

Statistical evaluation of the patients who underwent bowel resection

                                                                              Patients who underwent bowel resection (n=12)   Patients who didn't undergo bowel resection^[\*](#t3f1){ref-type="table-fn"}^ (n=69)   p                                                                            
  --------------------------------------------------------------------------- ----------------------------------------------- -------------------------------------------------------------------------------------- ---------------------------------------------------------------------------- --
  Age (Mean±SD)                                                               62±19.7                                         50.3±16.8                                                                              ^[α](#t3f2){ref-type="table-fn"}^0.034                                       
  Duration of preoperative complaints of strangulation (hr): median (range)   15 (6-36)                                       9 (4-24)                                                                               ^[β](#t3f3){ref-type="table-fn"}^0.001^[\*\*](#t3f4){ref-type="table-fn"}^   
  Postoperative hospital stay; days: median (range)                           3.5 (2-7)                                       2 (1-4)                                                                                ^[β](#t3f3){ref-type="table-fn"}^0.001^[\*\*](#t3f4){ref-type="table-fn"}^   

Resection of small bowel, appendix, and Meckel's diverticulum was evaluated in combination; SD: Standard deviation;

T--test;

Mann-Whitney U test;

p\<0.05.

All patients had received antibiotic prophylaxis with 1 g IV cefazoline sodium. Superficial site infection was detected in 5 (6.2%) patients, and the patients were cured with medical therapy. Any mortality was not seen in our study group. Type of hernia, age of patients, preoperative duration of strangulation complaints did not differ among patients with surgical site infection, while postoperative hospital stay, and frequency of bowel resection differed significantly among these patients (p=0.321, 0.108, 0.051, 0.027, and 0.001, respectively) ([Table 4](#T4){ref-type="table"}).

###### 

Statistical evaluation of surgical site infection

                                                                                     Surgical site infection                                                                                          
  ---------------------------------------------------------------------------------- ------------------------- ----------- -------------------------------------------------------------------------- --
  Age: years (Mean±SD)                                                               64.4±20.7                 51.2±17.2   ^[α](#t4f1){ref-type="table-fn"}^0.108                                     
  Duration of preoperative complaints of strangulation (hr): median (range)          24 (6-36)                 12 (4-24)   ^[β](#t4f2){ref-type="table-fn"}^0.051                                     
  Postoperative hospital stay; days:                                                 5 (1-7)                   2 (1-6)     ^[β](#t4f2){ref-type="table-fn"}^0.027^\*^                                 
  median (range)                                                                                                                                                                                      
  Patients who underwent bowel resection ^[\*\*](#t4f4){ref-type="table-fn"}^n (%)   4 (80)                    8 (10.5)    ^[γ](#t3f4){ref-type="table-fn"}^0.001^[\*](#t4f3){ref-type="table-fn"}^   

SD: Standard deviation;

T--test;

Mann Whitney-U test;

p\<0,05;

Fisher's exact test;

Resection of small bowel, appendix, and Meckel's diverticulum was evaluated in combination.

Inguinal hernia repair was achieved using polypropylene meshes (n=75, 92.5%) or primary suturing (n=6; 7.5%). Among patients whose hernias were repaired with meshes, any difference in postoperative hospital stay in days, and development of surgical site infection was not seen (p=0.232 and 0.326, respectively) ([Table 5](#T5){ref-type="table"}).

###### 

Statistical evaluation of patients who underwent hernia repair with or without mesh

                                                      Repair with mesh (n=75)   Primary repair without mesh (n=6)   p
  --------------------------------------------------- ------------------------- ----------------------------------- ----------------------------------------
  Postoperative hospital stay, days, median (range)   2 (1-6)                   2 (1-7)                             ^[α](#t5f1){ref-type="table-fn"}^0.232
  Surgical site infection n (%)                       4 (5.3)                   1 (16.6)                            ^[β](#t5f2){ref-type="table-fn"}^0.326

Mann- Whitney test;

Fisher's exact test.

Forty cases (mean age, 51.3±18.07:22--83 yrs) (male, n=33:82.5%, and female, n=7; 17.5%) with strangulated right (n=23), and left (n=17) inguinal hernias were detected. Indirect (n=32; 80%), direct (n=5; 12.5%), and recurrent (n=3; 7.5%) inguinal hernias were also recorded. Necrotic small bowel segment had been detected in hernial sac of 6 patients who had undergone small bowel resection, and anastomosis, while necrotic omentums of 6 patients had been resected. One patient had undergone diverticulectomy with the indication of Meckel's diverticulum. Strangulated inguinal hernias of the patients were repaired with polypropylene mesh (n=39; 97.5%) or primarily repair with polypropylene sutures (n=1; 2.5%).

Strangulated femoral hernias were detected in 6 (66.7%) female, and 3 (33.3%) male patients, and mean age of the study population was 52.4±26.2 (26-92) years. Two patients had undergone bowel resection, and anastomosis because of detection of necrotic small bowel segment in the hernial sac. Strangulated femoral hernias had been repaired either with plug polypropylene mesh (n=8; 11.1%) or using Mc Vay technique in which conjoined (transversus abdominis and internal oblique) tendon is sutured to the inguinal ligament with polypropylene sutures (n=1; 11.1%).

Strangulated umbilical hernias were detected in 19 (73%) female, and 7 (27%) male patients, and the mean age of the study population was 52.5±15.6 (20-84) years. Length of the umbilical hernia defects ranged between 2, and 8 cm. Eleven patients had undergone omentectomy for omental necrosis, while intestinal resection, and anastomosis were performed for 2 patients with small bowel necrosis. Four (15.4%) patients had undergone primary repair or repair with polypropylene mesh (n=22; 84.6).

Strangulated incisional hernias were detected in 6 (female, n=5, and male, n=1) patients with a mean age of 54.8±9.9 (42-68) years. One patient underwent omentectomy because of omentum necrosis, and another patient was appendectomized with the indication of appendiceal perforation detected in hernial sac. All incisional hernias were repaired using propylene meshes.

DISCUSSION {#sec1-4}
==========

Strangulated abdominal wall hernias requiring surgery are frequently encountered emergency cases. Treatment approach in these patients include urgent surgical exploration, reduction of inguinal hernia, and resection of devitalized tissue in case of need \[[@ref4]\]. Achievement of lower mortality, morbidity, and recurrence rates are targeted \[[@ref5]\]. Delayed referral of the patient to the hospital or delayed diagnosis bring with them increased mortality, and morbidity rates despite surgical intervention. Diagnosis before the onset of strangulation, and hernia repair under elective conditions can decrease these indicated risks \[[@ref6]\]. As has been reported in various publications 5-35% of the abdominal wall hernias were operated urgently because of strangulation \[[@ref7]\]. As detected in the present study, prolonged interval between the onset of the complaints, and referral to the hospital increased the requirement of bowel resection significantly (p=0,001).

Mortality, and morbidity rates in cases with strangulated abdominal wall hernias have been reported as 1.4-13.4%, and 19-30% respectively. Mortality, and morbidity are related to the development of bowel necrosis secondary to strangulation \[[@ref8], [@ref9]\]. In various studies performed, bowel resection has been reportedly required in 10-15% of the patients with strangulated abdominal wall hernias \[[@ref2]\]. Advanced age, and need for bowel resection have been reportedly associated with increased mortality rates. In various studies, authors reported that advanced age, higher incidence rates of concomitant diseases and delayed referrals increased bowel resection and morbidity rates \[[@ref10], [@ref11]\]. In studies where patients aged ≤70 years with strangulated abdominal wall hernias were urgently operated, higher mortality rates were reported in the advanced age group \[[@ref8], [@ref11]\]. As indicated in various reports, in cases with strangulated abdominal wall hernias, most frequently hernial sac contains small bowel segments \[[@ref1]\]. In many studies performed on strangulated abdominal wall hernias which required small bowel resection, a tendency towards increased complication rates was detected \[[@ref12]\]. Mean age of our study group was 52.1 years. Most frequently omentum (19 cases), and then small bowel (10 cases) were resected because of their strangulation in the hernial sac. Mean age of the patients who had undergone small bowel resection was 59.4 years. Small bowel resection was performed in 12.3% of all cases with strangulated abdominal wall hernias. Rates of small bowel resection in cases with inguinal, femoral, and umbilical hernias were 15, 22.2, and 7.6%, respectively. Rate of resection in femoral hernias was detectedly higher, however statistical analysis could not be performed because of scarcity of cases with femoral hernias Therefore, larger series are needed to arrive at a conclusion which suggests that increased rates of bowel resection may be required in cases with femoral hernias. When small bowel, appendix, and Meckel's diverticulum were evaluated as a whole, patients who had undergone bowel resection were in their advanced age (mean age, 62±19.7 years). Besides they stayed longer in the hospital, and experienced higher number of surgical site infections (p=0.034, 0.001 and 0.001, respectively). None of the cases died during perioperative period in our study group. Lack of mortality in our series may be related to the scarce number of our cases.

As reported in studies performed, abdominal wall strangulation is most frequently occurred within inguinal, then umbilical, femoral, and incisional hernia sacs \[[@ref1], [@ref9], [@ref13]\]. Still in our study group, in compliance with the literature most frequently (49.4%) strangulation was detected in inguinal hernia sac. Then in decreasing rates strangulations were seen in umbilical hernia (32.1%), femoral hernia (11.1%), and incisional hernia (7.4%) sacs.

In the literature, incidence of postoperative surgical site infection developed after strangulated abdominal wall hernias has been reported as 3.8-5.3 percent \[[@ref2], [@ref5]\]. In our retrospective study, surgical site infection was noticed in 5 (6.2%) patients Potential increase in morbidity rates with application of meshes in patients who underwent bowel resection or urgently operated has been discussed in various publications \[[@ref9]\]. Risk of contamination in patients especially requiring bowel resection has raised suspicions about safe applicability of meshes. However on the other hand, higher risk of recurrence of primary suture technique has been known irrespective of the primary suture technique \[[@ref4]\]. In the literature, some authors have advocated use of prosthetic meshes in the repair of strangulated hernias \[[@ref14], [@ref15]\]. Based on many relevant medical literature reports, antibiotic prophylaxis decreases surgical site infection in cases with strangulated abdominal wall hernias \[[@ref16]\]. In the present study, in cases with strangulated hernias operated under emergency conditions, foreign body reaction secondary to application of meshes was not detected. However, if we consider our inadequately shorter postoperative follow-up period, we can not overlook foreign body reaction which might develop against meshes. All patients in our study group underwent routine antibiotic prophylaxis. In our series, higher rates (92.5%) of repairs were performed with propylene mesh, which didn't cause any additional morbidity as for duration of hospitalization, and surgical site infection (p=0.232 and 0.326, respectively).

In conclusion, emergency surgery should be performed when strangulated abdominal wall hernia is detected before development of impairment of organ blood supply. Achievement of repair under elective conditions in cases with hernia before development of strangulation can decrease the risks of mortality, and morbidity. We are in the opinion that hernia repair with polypropylene mesh can be also applied safely in cases of emergency.
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